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,QRUGHU WRHVWDEOLVKVFLHQWLILFDQGUHDVRQDEOHHYDOXDWLRQ LQGH[V\VWHPZHPXVWDELGHE\ WKHSULQFLSOHVRI
JXLGDQFHFRPSOHWHQHVVVFLHQFHIHDVLELOLW\DQGGHYHORSPHQW
3ULQFLSOHRI*XLGDQFH
(YDOXDWLRQLQGH[V\VWHPSOD\VDJXLGLQJUROHLQHQKDQFLQJDQGLPSURYLQJWHDFKHUV
WHDFKLQJOHYHOWHDFKLQJ
HIIHFW DQG WKHLU RZQ TXDOLWLHV 7KHUHIRUH ZKHQ ZH DUH HVWDEOLVKLQJ LQGH[ V\VWHP ZH VKRXOG REVHUYH WKH
VHOHFWLRQRILQGH[IDFWRUVDVZHOODVWKHGHWHUPLQDWLRQRIIDFWRUFRQWHQWDQGHYDOXDWLRQVWDQGDUG0HDQZKLOH
ZH VKRXOG HPSKDVL]H WKH PDLQ IDFWRUV DQG WHDFKLQJ FKDUDFWHULVWLFV WKDW LQIOXHQFH WHDFKLQJ ZKLFK VKRXOG
UHIOHFWWKHEDVLFUHTXLUHPHQWVIRUWHDFKLQJTXDOLW\DQGDOVRPDNHHYHU\IDFWRUWKHPHDVXUHPHQWIRUWHDFKLQJ
VWDII WR FRQGXFW VHOIFKHFN DVZHOO DV WKH WDUJHWV WKDW FDQEH DWWDLQHG LQ WKH QHDU IXWXUH:H VKRXOG JXLGH
WHDFKHUV WR REWDLQ WKH WHDFKLQJ WDUJHWV WKURXJK WKH GLVWULEXWLRQ RI HDFK HYDOXDWLRQ IDFWRU DQGZHLJKW LQ WKH
HYDOXDWLRQLQGH[V\VWHP
3ULQFLSOHRI&RPSOHWHQHVV
7KH HYDOXDWLRQ LQGH[ V\VWHP VKRXOG VDWLVI\ WKH FRPSOHWHQHVV RI LQGH[ ZKLFK UHTXLUHV WKH WHDFKHUV

FRPSUHKHQVLYH TXDOLW\ HYDOXDWLRQ LQGH[ V\VWHP QRW WR RYHUVLJKW DQ\ LPSRUWDQW LQIRUPDWLRQ EXW WR
FRPSUHKHQVLYHO\V\VWHPDWLFDOO\DQGFRQVWLWXWLRQDOO\UHIOHFWHYHU\IDFWRUWKDWUHSURGXFHVDQGFRYHUVWHDFKHUV

FRPSUHKHQVLYHTXDOLW\7KHPRUHFRPSUHKHQVLYHDQGV\VWHPDWLFHYDOXDWLRQLQGH[V\VWHPFDQEHWWHUUHIOHFWWKH
QDWXUH RI HYDOXDWLRQ REMHFW DQG WKH HYDOXDWLRQ UHVXOW ZLOO EH PRUH DFFXUDWH +RZHYHU LW VKRXOG EH
UHPHPEHUHG WKDWZHFDQQRWH[WUHPHO\SXUVXH WKHFRPSOHWHQHVVEXWJHWDZD\IURPUHDOLW\VRZKHQZHDUH
GHVLJQLQJVLWXDWLRQLQGH[V\VWHPZHVKRXOGGHILQHWKHIDFWRUVWKDWFDQEHVWUHIOHFWWKHDWWULEXWHVRIHYDOXDWLRQ
REMHFW DQG EHVW PHHW WKH UHTXLUHPHQWV RI WKH WDUJHW DV WKH LQGH[ LQ DFFRUGDQFH ZLWK WKH FKDUDFWHULVWLFV RI
HYDOXDWLRQWDUJHWDVZHOODVFRQFUHWHHYDOXDWLRQWDUJHWV:HVKRXOGDOVRLJQRUHDQGDEDQGRQVRPHVHFRQGDU\
DQGQRQHVVHQWLDOHYDOXDWLRQIDFWRUWRFRPELQHWKHFRPSUHKHQVLYHVLWXDWLRQDQGSD\DWWHQWLRQWRNH\SRLQW
3ULQFLSOHRI6FLHQFH
7KHLQGH[V\VWHPVKRXOGHPERG\WKHVFLHQFHDELGHE\WKHODZVDQGFKDUDFWHULVWLFVRIKLJKHUHGXFDWLRQDQG
DFFXUDWHO\ UHIOHFW WKH EDVLF IHDWXUHV RI HYDOXDWLRQ REMHFW DV ZHOO DV WKH DFWXDO OHYHO DQG HIIHFW GXULQJ WKH
LPSOHPHQWDWLRQ SURFHVV ZLWK WKH DWWLWXGH RI EHLQJ SUDJPDWLF DQG UHDOLVWLF 7KH VFLHQFH RI LQGH[ LQFOXGHV
UDWLRQDOLW\DVZHOODVWKHFRQVLVWHQF\LQGHSHQGHQF\DQGFRPSDWLELOLW\RILQGH[DQGWDUJHWV
5DWLRQDOLW\
:HVKRXOGDELGHE\VFLHQWLILFHGXFDWLRQDQGWHDFKLQJWKHRU\DQGVWDWLVWLFDOPHWKRG0HDQZKLOHZHVKRXOG
PDNHVXUH WKDW WKH LQGH[V\VWHPLV IDLU WRDOO WKHHYDOXDWLRQ WDUJHWVZKLOH WKHHYDOXDWLRQV\VWHPVKRXOGQRW
SDUWLDOWRVRPHOHDUQLQJFRQWHQWOHDUQLQJPHWKRGRUOHDUQLQJVWDJHVRDVWRDYRLGRUUHGXFHWKHVXEMHFWLYLW\LQ
HYDOXDWLRQWRWKHJUHDWHVWH[WHQW
&RQVLVWHQF\RI,QGH[DQG7DUJHW
7KH LQGH[ V\VWHP VKRXOG FRYHU DOO WKH FRQWHQWV DQG LQIRUPDWLRQ LQRUGHU WR DFKLHYH WKH HYDOXDWLRQ WDUJHW
ZKLFK VKRXOG EH FORVHO\ IROORZHG E\ WKH ZKROH LQGH[ V\VWHP OD\HU E\ OD\HU VR WKDW WKH ILQDO HYDOXDWLRQ
FRQFOXVLRQFDQDFFXUDWHO\UHIOHFWWKHHYDOXDWLRQLQWHQWLRQ
,QGHSHQGHQF\
(DFKLQGH[VKRXOGEHUHODWLYHO\LQGHSHQGHQWDQGFOHDULQFRQQRWDWLRQ(DFKLQGH[DW WKHVDPHOHYHOVKRXOG
DYRLGEHLQJRYHUODSSHG LGHQWLFDO LQFRQQRWDWLRQRU LQWHUVHFW LQH[WHQVLRQ/RJLFDOO\ VSHDNLQJ LW VKRXOGEH
DZD\IURPLGHQWLFDORYHUODSSLQJFDXVDORUFRQWUDGLFWRU\UHODWLRQVEXWRQO\ZLWKFRRUGLQDWHUHODWLRQ
&RPSDWLELOLW\
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(DFKLQGH[VKRXOGEHFRQVLVWHGWRDYRLGFRQWUDFWLRQDQGFRQIOLFWVWKXVUHIOHFWLQJWKHUHTXLUHPHQWVRIWDUJHW
IURPHGJHZLVHDVSHFW
3ULQFLSOHRI2SHUDELOLW\
7HDFKLQJZRUNLQYROYHVZLGHDUHDVZKLOHWKHLQGH[V\VWHPFDQQRWLQYROYHDOODVSHFWV7KHUHIRUHZHQHHGWR
FDUHIXOO\DQDO\]HDQGPDVWHUWKHPDLQFRQWUDGLFWLRQ:HQHHGWRHQVXUHWKHLQWHJULW\RIWKHLQGH[V\VWHPDQG
VLPSOLI\ WKH LQGH[IDFWRUV WR WKHPRVWH[WHQW WRPDNH LWHDVLHU WREHRSHUDWHGEXWQRWEHLQJDZD\ IURPWKH
FXUUHQW WHDFKLQJVLWXDWLRQ(DFKHYDOXDWLRQ LQGH[VKRXOGEHFRQFUHWHDQGVSHFLI\ LQFRQWHQW LQGHSHQGHQW LQ
FRQQRWDWLRQ DQG H[WHQVLRQ GLVWLQFW LQ ZRUGLQJ DQG FOHDU LQ VHPDQWLFPHDQLQJZKLFK LV WKH UHJXODWLRQ IRU
DFWLRQDQGRSHUDWLRQRIWHDFKLQJ,WLVHDV\WRFROOHFWGDWDZLWKVWDEOHGDWDVRXUFHVDVZHOODVFRQVLVWHQWGDWD
VWDQGDUGDQGUDQJHVRLWLVHDVLO\WREHREVHUYHGDQGPHDVXUHGE\HYDOXDWRUV7RVXPXSIRUPXODWLQJLQGH[
V\VWHPFDQPHDVXUHWHDFKHUV
FRPSUHKHQVLYHTXDOLW\RQRQHKDQGDQGSURYLGHFRQYHQLHQFHWRRSHUDWHGXULQJ
WKHHYDOXDWLRQSURFHVVRQWKHRWKHUKDQG
3ULQFLSOHRI'HYHORSPHQW
:LWKWKHGHYHORSPHQWDQGFKDQJLQJRIHGXFDWLRQDQGWHDFKLQJWHDFKLQJHYDOXDWLRQVKRXOGEHFRQWLQXRXVO\
LPSURYHG DORQJ WKH FRXUVH RI GHYHORSPHQW 7KHUHIRUH ZH VKRXOG DSSURSULDWHO\ UHYLVH WKH HVWDEOLVKHG
HYDOXDWLRQLQGH[V\VWHPDIWHUDSSO\LQJIRUFHUWDLQSHULRGLQDFFRUGDQFHZLWKWKHGHYHORSPHQWDQGUHTXLUHPHQW
RI WKH VLWXDWLRQ VRDV WRHQKDQFH WKHFRQVLVWHQF\EHWZHHQ WHDFKLQJHYDOXDWLRQDQG WHDFKLQJ WDUJHWDQGDOVR
LPSURYHWKHHIILFLHQF\RIWHDFKLQJHYDOXDWLRQ
3URFHVVWR(VWDEOLVK1XUVLQJ&OLQLFDO7HDFKHUV
&RPSUHKHQVLYH4XDOLW\(YDOXDWLRQ,QGH[6\VWHP
'HFRPSRVLWLRQ6WDJH
)LUVW GHFRPSRVH WKH WRWDO HYDOXDWLRQ WDUJHW LQWR VHYHUDO VXE WDUJHWV SULPDU\ LQGH[ZKLFK FDQEH IXUWKHU
GHFRPSRVHGLQWRVHYHUDOVXEVXEWDUJHWVVHFRQGDU\LQGH[LQDFFRUGDQFHZLWKWKHFRPSOH[LW\RIVXEWDUJHWV
0HDQZKLOHZHVKRXOGFDUHIXOO\DQDO\]HWKHIDFWRUVWHUWLDU\LQGH[WKDWLQYROYHGE\HDFKVXEVXEWDUJHWVXE
WDUJHWDQGDUUDQJHDOOWKHVHIDFWRUVZLWKRXWRPLWWLQJ
&RQYHUJHQFH6WDJH
7KURXJK FRPSUHKHQVLYHO\ PDNLQJ XVH RI WKH PHWKRGV VXFK DV OLWHUDWXUH VWXG\ FRPSDUDWLYH VWXG\
LQWHUYLHZLQJ LQGXFWLRQ DQG GHGXFWLRQ WKLV SDSHU FRQGXFWV FRPSDUDWLYH DQDO\VLV EHWZHHQ WKH H[LVWLQJ
HYDOXDWLRQ LQGH[DQG WKHHYDOXDWLRQ LQGH[JHQHUDWHV IURP WKHDERYHPHQWLRQHGDQDO\VLVDQG OHDUQVIURPLW
0HDQZKLOH WKURXJK LQGXFWLRQ DQG GHGXFWLRQ LW VHOHFWV HDFK IDFWRU WR JHW ULG RI WKH XQHVVHQWLDO DQG
LQVLJQLILFDQWIDFWRUVLQFRUSRUDWHWKHIDFWRUVRIWKHVDPHFODVVDQGUHJXODWHFRQWUDGLFWRU\IDFWRUVRUWKRVHZLWK
FDXVDOFRQQHFWLRQ
7HVWDQG5HYLVLRQ
6HOHFWDSSURSULDWHHYDOXDWLRQWDUJHWWRFRQGXFWWHVWLQVPDOOVFDOH0HDQZKLOHUHYLVHWKHHYDOXDWLRQLQGH[LQ
DFFRUGDQFHZLWKWKHWHVWUHVXOWVDQGWKHQVKDSHSUHOLPLQDU\LQGH[IUDPHZRUN
9HULILFDWLRQDQG3HUIHFWLRQ
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%\PDNLQJXVHRI'HOSKLPHWKRGLQGH[IUDPHZRUNLVGHWHUPLQHGWKURXJKURXQGVRITXHVWLRQQDLUHVXUYH\V
DQGH[SHUWFRQVXOWDWLRQV7KHQWKHIDFWRUVQHHGWREHLQYHVWLJDWHGDUHIXUWKHUDQDO\]HGDQGVHOHFWHGDQGWKHQ
VHTXHQFHGWKURXJKH[SHUWMXGJPHQWWRGHWHUPLQHWKHNH\IDFWRUVWREHLQYHVWLJDWHG
'HWHUPLQH:HLJKWV
'HWHUPLQHWKHLQGH[ZHLJKWVE\DSSO\LQJDQDO\WLFKLHUDUFK\SURFHVVDQGILQDOO\REWDLQWKHFRPSOHWHLQGH[
V\VWHP
'LPHQVLRQDO$QDO\VLVRI1XUVLQJ&OLQLFDO7HDFKHUV
&RPSUHKHQVLYH4XDOLW\(YDOXDWLRQ,QGH[
6\VWHP
7KH IROORZLQJSDUWZLOO VSHFLILFDOO\DQDO\]H WKH IRXUSULPDU\ LQGH[HV WRHYDOXDWHQXUVLQJFOLQLFDO WHDFKHUV

FRPSUHKHQVLYH HYDOXDWLRQZKLOH WKH YDOXH RIZKLFK LVPDLQO\ MXGJHG IURP WKHVH IRXU GLPHQVLRQV WKURXJK
FROOHFWLQJGDWD
%DVLF4XDOLW\
%DVLFTXDOLW\FRQVLVWVRI ILYHVHFRQGDU\LQGH[HV LQFOXGLQJHGXFDWLRQDQGWHDFKLQJEDFNJURXQGLGHRORJLFDO
TXDOLW\RFFXSDWLRQDOTXDOLW\HGXFDWLRQDOFRQFHSWDQGSV\FKRORJLFDOTXDOLW\
(GXFDWLRQDQG7HDFKLQJ%DFNJURXQG˄(7%˅
,W FRQVLVWV RI HGXFDWLRQ DQG WHDFKLQJ H[SHULHQFHV HGXFDWLRQDO EDFNJURXQG GHJUHH WLWOH DQG FRQWLQXLQJ
HGXFDWLRQ
,GHRORJLFDO4XDOLW\˄,4˅
,W FRQVLVWV RI REVHUYLQJ GLVFLSOLQHV DQG REH\LQJ ODZV UHVSHFWLQJ RWKHUV FRRSHUDWLRQ DQG FRRUGLQDWLRQ
PHWLFXORXVVFKRODUVKLSKRQHVW\DQGXSULJKWDVZHOODVLQWHJULW\DQGVLQFHULW\
2FFXSDWLRQDO4XDOLW\˄24˅
,WFRQVLVWVRIVHQVHRIUHVSRQVLELOLW\ IRUHGXFDWLRQFDUHHUHQWHUSULVHIRUWKHMREGHYRWLRQWRZRUNORYHIRU
VWXGHQWVPRGHOIRURWKHUVDVZHOODVHGXFDWLQJRWKHUVDQGLPSDUWLQJNQRZOHGJH
(GXFDWLRQDO&RQFHSW˄(&˅
,WFRQVLVWVRIPRGHUQHGXFDWLRQDOFRQFHSWVXEMHFWRIVWXGHQWHGXFDWLRQIRUDOODURXQGGHYHORSPHQWFRQFHSW
RITXDOLW\DQGRYHUDOOGHYHORSPHQW
3V\FKRORJLFDO4XDOLW\˄34˅
,WFRQVLVWVRIVWURQJSK\VLTXHZLGHVSUHDGLQWHUHVWDQGKREELHVVHOIUHVSHFWVHOIFRQILGHQFHVHOIUHOLDQFH
VHOIORYHVHOIUHJXODWLRQDQGYROLWLRQDOTXDOLW\RISHUVLVWHQFHDQGWRXJKQHVV
7HDFKLQJ$ELOLW\
7HDFKLQJ DELOLW\ LQFOXGHV ILYH VHFRQGDU\ LQGH[HV QDPHO\ WKH DELOLW\ RI WKHRUHWLFDO OHFWXULQJ FOLQLFDO
RSHUDWLRQJXLGDQFH WHDFKLQJZDUG LQVSHFWLRQ WHDFKLQJPDQDJHPHQWDVZHOODV UHVHDUFKDQGUHIRUPDWLRQRI
WHDFKLQJ
$ELOLW\RI7KHRUHWLFDO/HFWXULQJ˄$7/˅
7KHFODVVURRPWHDFKLQJIHDWXUHVGLVWLQFWWKLQNLQJYLYLGODQJXDJHDQGFOHDUH[SUHVVLRQ7KHOHFWXUHLVFRUUHFW
LQFRQWHQWDFFXUDWH LQGHILQLWLRQDQGFOHDU LQFRQFHSW0HDQZKLOH LWFDQFORVHO\FRPELQH WKLVVXEMHFWZLWK
UHDOLW\VRWKDWVWXGHQWVFDQXQGHUVWDQGKRZWRDSSO\WKHNQRZOHGJHWKH\KDYHOHDUQHGLQFODVVWRUHDOLW\WKXV
HQKDQFLQJVWXGHQWV
DELOLW\ WRDQDO\]HRUVROYHSUREOHPV ,QWHUDFWLRQEHWZHHQ WHDFKHUVDQGVWXGHQWV LVJRRG
WKHFODVVURRPDWPRVSKHUHLVDFWLYHVWXGHQWV
LQWHUHVWLVNHHQDQGWKHWHDFKHUFDQFRPSOHWHWKHWHDFKLQJWDVNV
892   Zhijuan Liu and Jiaming Zhong /  IERI Procedia  2 ( 2012 )  888 – 896 
LQWLPHWRUHDOL]HWHDFKLQJSXUSRVHV
$ELOLW\WR*XLGH&OLQLFDO2SHUDWLRQ˄$*&2˅
8QGHUVWDQG WKHSV\FKRORJLFDOQHHGVRIQXUVLQJVWXGHQWVDQGIRUPXODWHSUDFWLFDO WHDFKLQJSODQ LQ OLQHZLWK
VWXGHQWV
DFWXDOVLWXDWLRQ7HDFKHUVDUHJRRGDWWHDFKLQJSDWLHQWLQJXLGLQJDQGSURYLGHGLIIHUHQWWUHDWPHQWWR
GLIIHUHQWVWXGHQWV7KHZKROHWHDFKLQJLVFHQWHUHGRQVWXGHQWVDQGOHGE\WHDFKHUVWRFORVHO\FRPELQHWKHRU\
ZLWKSUDFWLFHZKLFKDOVRIHDWXUHVYHUVDWLOHDQGIOH[LEOHWHDFKLQJPHWKRGV
,PSOHPHQWDWLRQ$ELOLW\RI7HDFKLQJ:DUG,QVSHFWLRQ˄,$7:,˅
7KHVHOHFWHGFDVHVKRXOGFRQVLVWZLWKWKHWHDFKLQJUHTXLUHPHQWVWKHWHDFKLQJGHVLJQVKRXOGEHUHDVRQDEOHWR
PHHW WKH DFWXDO FOLQLFDO VLWXDWLRQ $FFRUGLQJ WR QXUVLQJ VWXGHQWV
 FKDUDFWHULVWLFV LW VKRXOG FRUUHFWO\ DQG
UHDVRQDEO\ XWLOL]H QXUVLQJ SURFHGXUH E\ PDNLQJ XVH RI KHXULVWLF HGXFDWLRQ ZKLFK LV DOVR FRPELQHG ZLWK
H[SODQDWLRQTXHVWLRQVDQGVXPPDU\'HILQHWHDFKLQJFRQWHQWDQGSXUSRVHJLYHSURPLQHQFHWRWKHNH\SRLQWV
RIWKHOHFWXUHDQGWKRURXJKO\H[SODLQWKHGLIILFXOWSRLQWV,WFDQIXOO\LOOXVWUDWHWKHWKLQNLQJDQGSURFHGXUHRI
FOLQLFDOGHFLVLRQPDNLQJDQGFUHDWHKDUPRQLRXVWHDFKLQJDWPRVSKHUHVRWKDWQXUVLQJVWXGHQWV
DELOLW\RIVHOI
OHDUQLQJSURELQJLQWRNQRZOHGJHRUVROYLQJSUDFWLFDOFOLQLFDOSUREOHPVFDQEHHQKDQFHG
7HDFKLQJ0DQDJHPHQW˄70˅
%HVWULFWZLWKVWXGHQWVEHPHWLFXORXVLQHYHU\GHWDLOVHULRXVO\FULWLFL]HVWXGHQWV
HUURUVSDWLHQWO\DQVZHUDOO
WKHTXHVWLRQVSURSRVHGE\VWXGHQWVFDUHIXOO\FRUUHFWVWXGHQWV
H[HUFLVHVPDVWHUHDFKOLQNRIVWXGHQWV
OHDUQLQJ
XQGHUVWDQGWKHGLIIHUHQFHRIVWXGHQWV
OHDUQLQJJXLGHH[FHOOHQWVWXGHQWVWRVHHNFRQWLQXRXVLPSURYHPHQWDQG
OHDGZHDNVWXGHQWVWRHVWDEOLVKFRUUHFWDWWLWXGHRIOHDUQLQJVRDVWRZRUNKDUGDQGPDNHFRQWLQXRXVSURJUHVV
5HVHDUFKDQG5HIRUPDWLRQRI7HDFKLQJ˄557˅
$FWLYHO\ SURPRWH WKH UHIRUPDWLRQ RI WHDFKLQJ FRQWHQW WHDFKLQJ PHWKRG DQG WHDFKLQJ PHDQV WR IXUWKHU
H[SORUHHDFKOLQNDQGWKHH[LVWLQJSUREOHPVRIWHDFKLQJWKXVVWULYLQJWRHQKDQFHWKHWHDFKLQJTXDOLW\
$ELOLW\RI&OLQLFDO&DUH
,W FRQVLVWV RI IRXU VHFRQGDU\ LQGH[HV LQFOXGLQJ WKH OHYHO RI SURIHVVLRQDO NQRZOHGJH VNLOOV RI QXUVLQJ
RSHUDWLRQDELOLW\RIPDNLQJFOLQLFDOGHFLVLRQVDQGDELOLW\RILQWHUSHUVRQDOFRPPXQLFDWLRQ
/HYHORI3URIHVVLRQDO.QRZOHGJH˄/3.˅
:LWK VROLG SURIHVVLRQDO NQRZOHGJH RI QXUVLQJ WHDFKHUV VKRXOG EH IDPLOLDU ZLWK WKH WUHQG RI VFLHQWLILF
GHYHORSPHQWDQGWKHKRWLVVXHVRIUHVHDUFK
6NLOOVRI1XUVLQJ2SHUDWLRQ˄612˅
7KHRSHUDWLRQVNLOOLVH[TXLVLWHVNLOOIXOVWDQGDUGDQGVSHFLILHGWREHPHWLFXORXVLQHYHU\GHWDLODQGVHHNIRU
JUHDWHUSHUIHFWLRQ
$ELOLW\RI0DNLQJ&OLQLFDO'HFLVLRQV˄$0&'˅
&RPSUHKHQVLYHO\PDNLQJXVHRIYDULRXVLQIRUPDWLRQDQDO\VHVDQGHYDOXDWLQJGLIIHUHQWVLWXDWLRQVRISDWLHQWV
WRPDNHDSSURSULDWHFOLQLFDOMXGJPHQWDQGWUHDWPHQW
$ELOLW\RI,QWHUSHUVRQDO&RPPXQLFDWLRQ˄$,&˅
:LWKGLVWLQFWGHILQLWHDQGIORZH[SUHVVLRQODQJXDJHDQGQRQYHUEDOKDUPRQLRXVLQWHUSHUVRQDOUHODWLRQVKLS
WKH\FDQFRRUGLQDWHWKHLQWHUSHUVRQDOUHODWLRQVKLSDQGFRRSHUDWLRQRIDOODVSHFWV
$ELOLW\RI6FLHQWLILF5HVHDUFK
,WFRQVLVWVRIIRXUVHFRQGDU\LQGH[HVLQFOXGLQJDFDGHPLFH[FKDQJHVVFLHQWLILFUHVHDUFKSURMHFWVFLHQWLILF
UHVHDUFKUHVXOWVDQGVFLHQWLILFUHVHDUFKDZDUGV
$FDGHPLF([FKDQJHV˄$(˅
3DUWLFLSDWH LQ GRPHVWLF DQG IRUHLJQ DFDGHPLF FRQIHUHQFH DQG WDNH SDUWWLPH MREV LQ LQVWLWXWHV DFDGHPLF
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VRFLHWLHV DQG WKH HGLWRULDO ERDUG RI DFDGHPLF MRXUQDOV DW HDFK JUDGH PHPEHUV RI DFDGHPLF HYDOXDWLRQ
FRPPLWWHHDQGH[SHUWSDQHO
6FLHQWLILF5HVHDUFK3URMHFW˄653˅
2EWDLQWRSLFVRUSURMHFWVRIYDULRXVOHYHOVDQGYDULRXVFODVVHVLQFHUWDLQSHULRG
6FLHQWLILF5HVHDUFK5HVXOWV˄655˅
7KHSDSHUVRUERRNVSXEOLVKHGLQFHUWDLQSHULRG
6FLHQWLILF5HVHDUFK$ZDUGV˄65$˅
2EWDLQWKHSUL]HRIVFLHQWLILFUHVXOWVDQGSDWHQWV
'HWHUPLQH,QGH[:HLJKWWKURXJK$QDO\WLF+LHUDUFK\3URFHVV
,QGH[ZHLJKWLVDQLPSRUWDQWFRPSRQHQWRILQGH[V\VWHPZKLFKGHWHUPLQHVWKHLPSRUWDQFHRIHDFKLQGH[LQ
WKHZKROH HYDOXDWLRQ V\VWHP VR LW LV RI YLWDO LPSRUWDQFH WR GHWHUPLQH VFLHQWLILF DQG UHDVRQDEOHZHLJKWV LQ
FRPSUHKHQVLYHHYDOXDWLRQ$QDO\WLF+LHUDUFK\3URFHVV$3+LVDGRSWHGLQWKLVSDSHUWRGHWHUPLQHWKHZHLJKW
$+3LVDV\VWHPDWLFDQGOD\HULQJDQDO\VLVPHWKRGWKDWFRPELQHVTXDOLWDWLYHDQGTXDQWLWDWLYHFKDUDFWHULVWLFV
DQGSURSRVHGE\UHQRZQHG$PHULFDQ2SHUDWLRQDO5HVHDUFK([SHUW7/6DWW\DVZHOODVRWKHUH[SHUWVLQWKH
V7KHEDVLFWKLQNLQJRI$+3LVWRGHFRPSRVHWKHIDFWRUVUHODWHZLWKGHFLVLRQVLQWRWDUJHWVVWDQGDUGVRU
SURSRVDOVRQWKHEDVLVRIZKLFKWRFRQGXFWTXDOLWDWLYHDQGTXDQWLWDWLYHDQDO\VLV
(VWDEOLVK+LHUDUFK\0RGHO
7KHNH\RI$+3OLHVLQHVWDEOLVKLQJKLHUDUFK\PRGHO,QRUGHUWRVROYHPRGHOLQJSUREOHPV7/6DWW\GLYLGHG
WKHIDFWRUVLQFOXGHGLQWKHSUREOHPVLQWRVHYHUDOOD\HUVZKLFKPD\EHJHQHUDOO\FODVVLILHGDVWKHKLJKHVWOD\HU
WKHPLGGOHOD\HUDQGWKHORZHVWOD\HU$FFRUGLQJWRWKHSULQFLSOHRI$+3DQGWKHDERYHPHQWLRQHGDQDO\VLVRI
QXUVLQJ FOLQLFDO WHDFKHUV
 FRPSUHKHQVLYH TXDOLW\ HYDOXDWLRQ LQGH[ V\VWHP ZH KDYH REWDLQHG WKH KLHUDUFK\
PRGHORIQXUVLQJFOLQLFDOWHDFKHUV
FRPSUHKHQVLYHTXDOLW\HYDOXDWLRQZKLFKLVVKRZHGDV3LFWXUH

3LFWXUH+LHUDUFK\0RGHORI1XUVLQJ&OLQLFDO7HDFKHUV
&RPSUHKHQVLYH4XDOLW\(YDOXDWLRQ
&RQVWUXFW-XGJPHQW0DWUL[
$IWHUHVWDEOLVKLQJKLHUDUFK\PRGHOWKHLPSRUWDQFHRIIDFWRUVDWHDFKOD\HUWRWKDWRIWKHDERYHOD\HUVKRXOG
EHGHWHUPLQHGDQGWKHYDOXHVKRXOGEHPDUNHGDQGTXDQWLILHGVRDVWRFRQVWUXFWWKHMXGJPHQWPDWUL[ZKLFK
LVDNH\VWHSRI$+3,QRUGHUWRREWDLQWKHYDOXHRIHDFKIDFWRULQWKHPDWUL[H[SHUWVVKRXOGILUVWFRPSDUHWKH
1XUVLQJ&OLQLFDO7HDFKHUV
&RPSUHKHQVLYH4XDOLW\
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%DVLF4XDOLW\$ 7HDFKLQJ$ELOLW\$ 1XUVLQJ&OLQLFDO$ELOLW\$ 6FLHQWLILFDQG5HVHDUFK
$ELOLW\$
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IDFWRUVDQGWKHQJLYHDMXGJPHQWYDOXH7KHQDFFRUGLQJWRVFDOHPHWKRGWKHMXGJPHQWUHVXOWVKRXOGEH
TXDQWLILHGWKXVIRUPLQJWKHMXGJPHQWPDWUL[
2UJDQL]H H[SHUWV WR FRQGXFW TXHVWLRQQDLUH VXUYH\E\ DGRSWLQJ WKH'HOSKLPHWKRG DQGZH FDQREWDLQ ILYH
MXGJPHQW PDWUL[HV DIWHU FROOHFWLQJ WKH H[SHUW TXHVWLRQQDLUH IRU OLPLWHG VSDFH WKHVHV PDWUL[HV ZLOO QRW EH
OLVWHGRXWRQHE\RQH
6LQJOH+LHUDUFKLFDO$UUDQJHPHQW
6LQJOHKLHUDUFKLFDODUUDQJHPHQWLVWRGHWHUPLQHWKHLPSRUWDQFHZHLJKWRIHDFKLQGH[DWFHUWDLQOD\HUWRWKDW
RIWKHDERYHOD\HU7KHPRVWFRPPRQO\XVHGFDOFXODWLRQPHWKRGVLQFOXGHURRWVXPHLJHQYDOXHPHWKRGDQG
OHDVWVTXDUHPHWKRG7KLVSDSHUDGRSWVWKHURRWPHWKRGWKHVSHFLILFFDOFXODWLRQVWHSVDUHDVIROORZV
&DOFXODWHWKHSURGXFW0LRIHDFKURZ
VIDFWRUVIRUMXGJPHQWPDWUL[ ∏
=
=
Q
M
LML D0

ˈL ˈˈ«ˈQ
&DOFXODWHWKHQWLPHVURRWRI0LQDPHO\ L:  Q LL 0: = 
1RUPDOL]HWKHYHFWRU ( )Q::::   "= 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=
= Q
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M
L
L
:
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

7KHQ ( )7Q::::   "= LVWKHHLJHQYHFWRUQHHGVWREHGHWHUPLQHG
7KLVHLJHQYHFWRUUHSUHVHQWVWKHLQIOXHQFHGHJUHHRISDUWLDORUDOOIDFWRUVDWWKLVOD\HURQFHUWDLQIDFWRURIWKH
DERYHOD\HUQDPHO\WKHZHLJKWHGYDOXH7KHVHYDOXHVDUHWKHUHVXOWVRIVLQJOHDUUDQJHPHQW
&RQVLVWHQF\9HULILFDWLRQ
&RQVLVWHQF\ YHULILFDWLRQ RI WKH MXGJPHQW PDWUL[ LV QHHGHG WR FKHFN ZKHWKHU WKH GLVWULEXWLRQ RI ZHLJKW
QXPEHUWKDWGHWHUPLQHGE\WKHDUUDQJHPHQWZHLJKWYHFWRURI ( )7Q::::   "= LVUHDVRQDEOH
)LUVWFDOFXODWHWKHPD[LPXP(LJHQYDOXHRIMXGJPHQWPDWUL[QDPHO\ PD[λ  ¦
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:KHUHLQ L$:  GHQRWHVWKHLWKIDFWRURIWKHYHFWRU$:
&DOFXODWHWKHGHYLDWLRQFRQVLVWHQF\LQGLFDWRURIMXGJPHQWPDWUL[QDPHO\&,

PD[
−
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=
Q
Q&, λ 
&DOFXODWHWKHDYHUDJHDQGUDQGRPFRQVLVWHQF\LQGLFDWRURIMXGJPHQWPDWUL[QDPHO\5,
$FFRUGLQJ WR WKH MXGJPHQWPDWUL[ RI WKH  UDQNV WKH5, YDOXHV DUH UHVSHFWLYHO\ OLVWHG DV WKH IROORZLQJ
WDEOH
        
        
7KHQFDOFXODWHWKHUDQGRPFRQVLVWHQF\UDWLRRIMXGJPHQWPDWUL[QDPHO\&5
5,
&,&5 = 
:KHQ &5 WKH MXGJPHQW PDWUL[ LV UHJDUGHG WR SRVVHVV VDWLVI\LQJ FRQVLVWHQF\ RWKHUZLVH LW QHHGV WR
DGMXVWWKHMXGJPHQWPDWUL[WRSURYLGHLWZLWKVDWLVI\LQJFRQVLVWHQF\
7KHUHIRUHZHFDQREWDLQWKHIROORZLQJZHLJKWRISULPDU\LQGH[DQGVHFRQGDU\LQGH[
3ULPDU\LQGH[ZHLJKW 







 ==== $$$$ ωωωω 
6HFRQGDU\LQGH[ZHLJKW










 ===== DDDDD ωωωωω 
 ===== DDDDD ωωωωω 
 ==== DDDD ωωωω 
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 ==== DDDD ωωωω 
,Q WKLV ZD\ ZH FDQ REWDLQ D FRPSOHWH QXUVLQJ FOLQLFDO WHDFKHUV
 FRPSUHKHQVLYH TXDOLW\ HYDOXDWLRQ LQGH[
V\VWHPZKLFKLVVKRZQDV7DEOH
7DEOH1XUVLQJ&OLQLFDO7HDFKHUV
&RPSUHKHQVLYH4XDOLW\(YDOXDWLRQ,QGH[6\VWHP
3ULPDU\,QGH[ 6HFRQGDU\,QGH[
,QGH[,WHP :HLJKW ,QGH[,WHP :HLJKW
%DVLFTXDOLW\$ 
(GXFDWLRQDQGWHDFKLQJEDFNJURXQGD 
,GHRORJLFDODQGHWKLFDOTXDOLW\D 
2FFXSDWLRQDOTXDOLW\D 
(GXFDWLRQDOFRQFHSWD 
3K\VLFDODQGSV\FKRORJLFDOTXDOLW\D 
7HDFKLQJDELOLW\$ 
$ELOLW\RIWKHRUHWLFDOWHDFKLQJD 
$ELOLW\WRJXLGHFOLQLFDORSHUDWLRQD 
,PSOHPHQWDWLRQDELOLW\RIWHDFKLQJDZDUGLQVSHFWLRQD 
7HDFKLQJPDQDJHPHQWD 
5HIRUPDWLRQRIVFLHQWLILFUHVHDUFKDQGWHDFKLQJD 
&OLQLFDOQXUVLQJDELOLW\$ 
/HYHORISURIHVVLRQDONQRZOHGJHD 
1XUVLQJRSHUDWLRQVNLOOVD 
$ELOLW\RIPDNLQJFOLQLFDOGHFLVLRQD 
$ELOLW\RILQWHUSHUVRQDOFRPPXQLFDWLRQD 
6FLHQWLILFUHVHDUFKDELOLW\$ 
$FDGHPLFH[FKDQJHD 
6FLHQWLILFUHVHDUFKSURMHFWD 
6FLHQWLILFUHVHDUFKUHVXOWVD 
6FLHQWLILFUHVHDUFKDZDUGVD 
$FNQRZOHGJHPHQWV
7KLV ZRUN LV VXSSRUWHG E\+XQDQ VFLHQFH DQG WHFKQRORJ\  SURJUDP12=.+XQDQ HGXFDWLRQ
VFLHQFHSURJUDP12;-.&;-&KLQD
5HIHUHQFHV
>@ /HH ZRRVRRN&KRORZVNL.:LOOLDPV $. 1XUVLQJ 6WXGHQWV¶ DQG &OLQLFDO (GXFDWRUV¶ 3HUFHSWLRQV RI
&KDUDFWHULVWLFVRI(IIHFWLYH&OLQLFDO(GXFDWRUV LQDQ$XVWUDOLDQ8QLYHUVLW\6FKRRORI1XUVLQJ >-@-RXUQDORI
$GYDQFHG1XUVLQJ
>@3XUFHOO1/OR\GIRQHV*6WDQGDUGVIRU0HGLFDO(GXFDWRU>-@0HGLFDO(GXFDWLRQ
>@9LYHUDLV'UHVOHU*.XWVFKNH0516WXGHQWV¶5DWLQJDQG2SLQLRQV5HODWHG WR WKH,PSRUWDQFHRI&HUWDLQ
&OLQLFDO7HDFKHU%HKDYLRUV>-@7KH-RXUQDORI&RQWLQXLQJ(GXFDWLRQLQ1XUVLQJ
>@+RX;LDRMLQJ=KX'DQ4LDR/L$Q([SORUDWRU\6WXG\RQ,QGH[HV(YDOXDWLRQ6\VWHPIRU&RUH&DSDELOLW\
RI&OLQLFDO1XUVLQJ7HDFKHUV>-@&+,1(6(1856,1*5(6($5&+
>@'X'RQJ 3DQJ4LQJKXD0RGHUQ&RPSUHKHQVLYH(YDOXDWLRQ0HWKRGDQG&DVH6HOHFWLRQ >0@%HLMLQJ
7VLQJKXD8QLYHUVLW\3UHVV
>@7DQJ;LDRMLQJ =KDQJ 6KHQJPHL ;X ;LDRMXQ 6WXG\ RQ 7HDFKHUV
 &RPSUHKHQVLYH4XDOLW\ (YDOXDWLRQ
0RGHO>-@-RXUQDORI&KDQJFKXQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
>@6QHOO/7DOOHWW6+DLVW6HW DO$5HYLHZRI WKH(YDOXDWLRQRI&OLQLFDO7HDFKLQJ1HZ3HUVSHFWLYHVDQG
&KDOOHQJHV>-@0HGLFDO(GXFDWLRQ
>@ /L <DQSLQJ /L &KXQIDQJ /LX <DQKXL HWF 5HVHDUFK 3URJUHVV RI&OLQLFDO1XUVLQJ 7HDFKLQJ4XDOLW\
(YDOXDWLRQ,QGH[6\VWHP>-@&KLQHVH-RXUQDORI1XUVLQJ(GXFDWLRQ
>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